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REORDERING UNRELATED TRANSACTIONS FROM AN 

ORDERED INTERFACE 

TECHNICAL FIELD 

This invention relates to reordering unrelated transactions 
from an ordered interface. 

BACKGROUND 

Computer input/output (I/O) interfaces connected to a data 
bus typically have to follow specific transaction ordering 
rules. For example, a computer I/O hub that is connected to a 
Peripheral Component Interface (PCI) bus must preserve the order 
of write transactions from I/O controllers sent through the PCI 
bus. Examples of I/O devices are disk drives, video cards, audio 
cards, scanners, digital cameras, network adapters, and docking 
ports for handheld devices. The I/O hub typically implements an 
I/O interface using modified first-in-first-out (FIFO) queues to 
store transactions from the I/O devices in an order that obey 
PCI ordering rules. Such FIFO queues are low-cost, easy to 
implement, and produce few errors. 

When an I/O controller initiates an ordered sequence of 
transactions, the I/O hub stores the transactions in the 
modified FIFO queues and typically executes them in the order 
received. An example of an ordered sequence of transactions is a 
sequence of write transactions initiated by a hard drive 
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controller that writes data to a main memory. The write 
transactions that come at a later time cannot be executed until 
the earlier transactions are completed. If one write transaction 
is stalled, all of the remaining write transactions will be 
stalled. 

DESCRIPTION OF DRAWINGS 

Figure 1 is a schematic diagram of a computer system. 
Figure 2 is a schematic diagram showing sequences of 
transactions . 

DETAILED DESCRIPTION 

The invention relates to a computer chipset having an 
identifier module configured to add a sequence identifier to 
each transaction in independent ordered sequences of 
transactions. The identifier module combines the ordered 
sequences of transactions into a combined ordered sequence of 
transactions. The computer chipset further includes a router 
that separates the combined ordered sequence of transactions 
into ordered queues based on the sequence identifiers associated 
with the transactions. 

Referring to Fig. 1, a multiprocessor computer system 100 
includes central processing units 126, 128, 132, 134, and memory 
devices 122 and 130. An I/O controller 102 sends a first ordered 
sequence of transactions, and another I/O controller 104 sends a 
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second ordered sequence of transactions. The first and second 
ordered sequences of transactions are sent over PCI 1 and PCI 2 
data buses, respectively, to a PCI bridge 106. PCI bridge 106 
includes modified FIFO queues 148 to store the incoming 
transactions. PCI bridge 106 further includes an identifier 
module 108 that adds a first sequence identifier to each 
transaction in the first ordered sequence, and a second sequence 
identifier to each transaction in the second ordered sequence. 
PCI bridge 106 then combines the first and second ordered 
sequences of transactions, along with their respective sequence 
identifiers, into a combined ordered sequence of transactions, 
which are sent onto data bus 110. 

An advantage of the invention is that by using sequence 
identifiers, it is possible to combine the first and second 
ordered sequences of transactions and send the transactions over 
an ordered interface in a particular order, then later execute 
the transactions in a different order that reduces the amount of 
time required to complete the transactions. By using a simple 
identifier module and modified FIFO queues, an I/O interface 
(e.g., the PCI bridge) that connects to multiple I/O devices can 
be constructed with low cost. 

The combined ordered sequence of transactions is sent to an 
I/O hub 112 through data bus 110 that follows PCI ordering 
rules. I/O hub 112 contains a router 114 that routes the 
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transactions in the combined ordered sequence to two 
independently ordered queues 116 and 118 based on the sequence 
identifiers associated with the transactions. Transactions 
associated with the first and second sequence identifier are 
routed to ordered queues 116 and 118, respectively. The ordered 
queues are implemented in a modified FIFO structure that obeys 
PCI ordering rules. The transactions in ordered queue 116 leaves 
the queue in an order that follows PCI ordering rules. Likewise, 
the transactions in ordered queue 118 leaves the queue in an 
order that is the same as the order in which I/O controller 104 
initiated the transactions. The transactions leaving the ordered 
queues are sent to a data bus 144 that has relaxed ordering 
rules, meaning that transactions on this data bus do not have to 
be executed in the same order as they arrive to the data bus. 

The transactions stored in ordered queues 116 and 118 are 
executed in an order that tends to reduce the total amount of 
time required to complete the transactions. As an example, the 
first and second transactions 136 and 138 waiting to be executed 
in ordered queue 116 are write transactions that write data to a 
memory device 122. The first and second transactions 140 and 142 
waiting to be executed in ordered queue 118 are write 
transactions that write data to a memory device 130. Suppose 
transaction 136 is executed, and because memory device 122 is 
busy, transaction 136 is stalled and cannot be completed. Then 
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transaction 140 in the ordered queue 118 is executed. If the 
transaction 140 is completed before transaction 136, then 
transaction 142 is executed next. Since transaction 142 is 
unrelated to transaction 136, transaction 142 does not have to 
wait for transaction 136 to be completed. An advantage of the 
invention is that the waiting time for completing unrelated 
transactions initiated by I/O controllers 102 and 104 can be 
reduced. 

Many conditions can cause transaction 136 to be stalled. 
For example, the north bridge 124 might be busy, or the switches 
120 and 146 might be busy. It is also possible that transaction 
136 itself requires a long time to complete. For example, if 
transaction 136 is a write transaction that follows the 
Modif ied-Exclusive-Shared-Invalid (MESI) protocol, several steps 
are required to complete the write transaction (e.g., assert a 
cache line as exclusive, modify the cache line, and flush the 
cache line) . By using ordered queues 116 and 118, transaction 
140 can be executed without waiting for transaction 136 to be 
completed. 

Fig. 2 shows an ordered sequence 202 of transactions Wl, 
W2, XI, X2, and X3 initiated by controller 102, and an ordered 
sequence 204 of transactions Yl, Y2, Y3, Zl, and Z2 initiated by 
controller 104. As an example, transactions Wl and W2 are write 
transactions that write data to successive addresses in memory 
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122. Transactions Yl, Y2, and Y3 are write transactions that 
write data to successive addresses in memory 130. Transactions 
Wl and W2 must be executed in sequence, and transactions Yl, Y2, 
Y3 must be executed in sequence. However, there is no 
requirement that Yl, Y2, and Y3 must be executed before or after 
Wl and W2. 

After PCI bridge 106 receives the transactions in sequences 
202 and 204, identifier module 108 adds sequence identifiers to 
each of the transactions. In this example, the identifiers are 
bits u 0" and "1". Every transaction in sequence 202 is tagged 
with an identifier bit "0", and every transaction in sequence 
204 is tagged with an identifier bit "1". PCI bridge 106 then 
combines the transactions in sequences 202 and 204 along with 
their respective identifier bits into a combined sequence 206 of 
transactions. The sequences 202 and 204 are combined in a manner 
such that the ordering of the transactions in the combined 
sequence 206 follows PCI ordering rules. Note that although 
sequences 202, 204, and 206 are all shown in the figure, 
sequence 206 does not appear simultaneously with sequences 202 
and 204. 

The combined sequence 206 is sent to router 114, which then 
routes the transactions to ordered queues 116 and 118 based on 
the sequence identifiers. The transactions in ordered queue 116 
form an ordered sequence 208, and the transactions in ordered 
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queue 118 form an ordered sequence 210. The transactions in 
ordered sequence 210 have an order that is the same as the 
ordered sequence 202, the transactions in ordered sequence 212 
has an order that is the same as the ordered sequence 204. 

Without identifier module 108 and router 114, computer 
system 100 would have to execute the transactions in the order 
that they arrive at south bridge 106. Thus, transactions Yl to 
Z2 cannot be executed until both Wl and W2 are completed. If 
transactions Wl or W2 were delayed, all transactions following 
them would also be delayed. By adding sequence identifiers to 
the transactions and separating the transactions into separate 
ordered queues, unrelated transactions can be executed in an 
order that is different from the order in the combined sequence 
206. If Wl or W2 were delayed, I/O hub 112 passes transactions 
in sequence 210 that are stored in ordered queue 118 onto data 
bus 144. Switches 120 and 146 send the transactions to one of 
the two north bridges 124 and 150, which then writes data to 
memory devices 122 or 130 based on the instructions contained in 
the write transactions. Thus, use of sequence identifiers allows 
re-ordering of unrelated transactions so that the overall 
execution time is reduced. 

Other embodiments are within the scope of the following 
claims. For example, the transactions may comprise read 
transactions instead of (or in addition to) write transactions. 
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The I/O controllers can be controllers of any I/O device that 
sends data to a memory through the I/O bridge. More than two I/O 
interfaces can be connected to PCI bridge 106, and more than two 
ordered queues can be implemented in I/O hub 112. The computer 
system may have only one processor. The PCI buses may be some 
other type of data buses that require transactions to follow 
certain ordering rules. Data bus 110 may follow ordering rules 
different from the PCI ordering rules. The sequence identifiers 
can have more than one bit so that it can identify more than two 
sequences of transactions. The sequence identifiers can be some 
identifier code other than tag bits. The I/O hub and the north 
bridge can be a single integrated circuit. The computer system 
can have more than two memory devices. 
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